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INTRODUCTION
Corn distillers dried grains with solubles (DDGS) is a by-product produced by dry-grind ethanol plants and has become a significant partial replacement for corn, soybean meal, and inorganic phosphate in diets for growing-finishing pigs. The fiber content (NDF) in DDGS is approximately 3 times greater than those in corn and soybean meal (NRC, 1998; Spiehs et al., 2002) and may result in reduced growth performance and dressing percentage (Baird et al., 1975; Pond et al., 1989) . In addition, DDGS has approximately 10% oil, which contains an increased proportion of unsaturated fatty acids (UFA; 81%), including linoleic acid (C18:2; 54%), and a decreased concentration of SFA (13%). It has been well documented that the fatty acid profiles of pork fat, particularly PUFA such as C18:2 and α-linolenic acid (C18:3), reflect the composition of the fat consumed (Wood, 1984; Averette Gatlin et al., 2002) . The likelihood of soft carcass fat increases when pigs are fed diets containing an increased quantity of UFA. Potential problems arising from soft fat include 1) difficult fabrication and slicing of bellies for bacon, 2) an oily appearance in the retail package, 3) reduced product shelf life, and 4) increased susceptibility to oxidative damage (Wood and Enser, 1997; National Pork Producers Council, 2000) .
Previous research (Whitney et al., 2006; Widmer et al., 2008) showed no negative effects on pig performance and pork fat quality when pigs were fed diets containing 10% DDGS. Because of rising corn prices and an increased supply of DDGS, it may be economical to use greater amounts of DDGS to reduce diet costs. However, there are limited published results related to the effects of feeding increasing dietary DDGS to growerfinisher swine on pork quality. Thus, the objective of this study was to evaluate the growth performance, carcass characteristics, and fat quality of grower-finisher pigs fed corn-soybean meal diets containing increasing amounts of DDGS.
MATERIALS AND METHODS
All procedures were approved by the Institutional Animal Care and Use Committee at the University of Minnesota.
Animals and Treatments
The pigs used in this experiment were the offspring of sows (Landrace × Yorkshire; Genetically Advanced Pigs, Winnipeg, Manitoba) sired by Duroc boars (Compart Boar Store, Nicollet, MN). Two groups of pigs (128 barrows and 128 gilts in each group) were placed in an environmentally controlled grower-finisher facility at the University of Minnesota Southern Research and Outreach Center (Waseca). Groups were placed in the barn 2 wk apart. Barrows and gilts were housed in separate 2.0 × 3.0 m pens (8 pigs/pen) on totally slatted flooring, and pens (n = 64) contained a self-feeder and nipple drinker in a watering bowl. When the average BW of each pen was approximately 20 kg, pens were randomly assigned to 1 of 4 corn-soybean meal diets formulated with 0 (D0, control), 10 (D10), 20 (D20), or 30% (D30) DDGS (Table 1) . Pigs were fed according to a 3-phase feeding program, with the transition between diets occurring when the average pen BW of 53 and 85 kg were reached. Pigs had ad libitum access to their assigned dietary treatments and water throughout the experiment. Two pigs died during the study, 1 each on the D10 and D30 diets.
The DDGS used in this study was obtained from Golden Grain Energy LLC (Mason City, IA). All diets were formulated on a standardized ileal digestible (SID) AA basis according to the requirements for barrows and gilts (20 to 120 kg of BW) with a lean tissue gain of 325 g/d (NRC, 1998) . The SID AA values of DDGS (Table 2) were obtained from recent research studies at the University of Minnesota (Urriola, 2006) , and diets met or exceeded the minimum ratio relative to SID lysine of 55, 65, and 19% for SID methionine + cysteine, threonine, and tryptophan (NRC, 1998) , respectively. Dietary concentrations of ME and SID lysine were maintained similarly among all diets within the feeding phase. No supplemental fat was included in the diets, and similar amounts of the vitamin-trace mineral premix were added to all diets within each feeding phase. Pigs were monitored on a daily basis to ensure proper health, and feeders were inspected daily to ensure they were functioning properly. Additionally, individual pig BW and pen feed disappearance were measured at 2-wk intervals to determine ADG, ADFI, and G:F. When the first pen of pigs in each group was marketed, the overall growth performance was determined for that group of pigs.
Carcass Measurements
One pig closest to the average BW (approximately 115 kg) of the pen (32 barrows, 32 gilts) was selected from each pen for carcass and quality evaluation. Before slaughter, pigs were individually tattooed and slaughtered in a commercial processing plant in the upper Midwest. Hot carcass weight was determined on-line, and all carcass characteristics were measured on the right side of the carcasses. Last-rib backfat depth was measured after the skin was removed and was adjusted to a skin-on basis according to National Pork Producers Council (2000) recommendations. Percentage of fatfree lean was calculated using [(23.568 − 0.84 × last-rib backfat thickness, mm + 1.109 × HCW, kg)/2.205 × warm carcass weight, kg × 100] (National Pork Producers Council, 2000) .
Carcasses were chilled at 1.7 to 4.4°C for 24 h. After chilling, 2.54-cm cores were collected from the belly, backfat, and LM for fatty acid analysis and iodine value (IV) calculation. The belly tissue cores were collected at the midline opposite the last rib. Backfat and LM cores were collected at the 10th-rib location on the right side of the carcass. Belly fat and backfat cores were measured for color lightness (L*), redness (a*), and yellowness (b*) by using a CM-508-d chromameter (Minolta, Ramsey, NJ). Chromameter settings were an 8-mm light apperture, D65 light source, and 10° standard observer.
All core samples (belly, LM, backfat) were packaged, placed in a cooler with ice, and delivered to the University of Minnesota Swine Nutrition laboratory. The belly and backfat samples were evaluated for visual fat color by 8 trained panelists using the National Pork Producers Council (2000) Japanese fat color scale (1 = white to 4 = yellow). Samples were allowed to bloom for a minimum of 10 min at 20°C. Once fat color scores were obtained, individual samples were repacked in a sealed sample bag and frozen at −18°C until fatty acid analysis was performed. Fatty acid analysis and IV calculation were performed commercially (Lipid Technologies LLC, Austin, MN), using gas chromatography to separate fatty acid methyl esters according to AOCS (1998) method Ce 1-62. The IV of fat was calculated 3 ME was calculated according to the method of Noblet and Perez (1993) . 4 Analyzed values.
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Calculated C18:2 from corn and soybean meal using values from NRC (1998) and the analyzed value for DDGS, for which the fatty acid profile (% of fat weight) was as follows: C16:0 = 13.43, C18:0 = 1.89, C18:1 = 25.7, C18:2 = 55.35, C18:3 = 1.5, and C20:0 = 0.38.
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Standardized ileal digestible lysine; calculated for corn and soybean meal using values from NRC (1998) and the value for the specific DDGS (SID lysine = 0.47%) used from Urriola (2006 After chilling, LM pH was measured at the 10th rib using an MPI pH meter (MPI, Topeka, KS) fitted with a Mettler-Toledo glass probe (Mettler-Toledo, Langenfeld, Germany). The probe was inserted 2.54 cm deep into the LM. The pH meter was calibrated at the temperature of the LM with pH 4 and 7 buffers. After pH measurement, carcasses were fabricated (LM was used for muscle quality evaluation and bellies were used for bacon quality evaluation). Both boneless LM were used for muscle quality evaluation. Each LM was separated into 2 equal halves (anterior and posterior). After a 30-min minimum bloom time, the cut surface of the anterior section of the right side LM was evaluated for lightness (L*), redness (a*), and yellowness (b*) color by using the same chromameter described previously. Subjective color score, firmness, and marbling score of the LM were evaluated by an expert on the same cut surface by using the National Pork Producers Council (2000) standards for color (1 = pale pinkish gray to white to 6 = dark purplish red), firmness (1 = extremely soft to 5 = extremely firm), and marbling (1 = 1% intramuscular fat to 10 = 10% intramuscular fat).
Sections of LM were then randomly allotted to 4 evaluation days: d 1, 14, 21, and 28. Day 14, 21, and 28 LM sections were vacuum-packaged and stored at 1°C until the specified evaluation date. For d 1 LM sections, two 2.54-cm chops were removed for drip loss and lipid oxidation evaluation. The remainder of the LM section was vacuum-packaged and frozen (−16°C) for subsequent taste panel evaluation. On d 14, 21 and 28, LM sections were removed from the vacuum package at the specific evaluation dates and then sliced into 2.54-cm chops for drip loss and lipid oxidation determinations.
For drip loss determinations, a 2.54-cm-diameter core (9.5 g) sample was removed from the chop. Drip loss was determined using the method of Rasmussen and Stouffer (1996) . After the initial sample weights were determined, they were placed in a 3 × 3 cm plastic drip loss tube equipped with an exudate collection funnel and stored at 4°C for 24 h. Samples were then removed from the tube and reweighed. The drip loss percentage of each sample was calculated as a percentage of the weight loss divided by the original weight.
To determine lipid oxidation, the second LM chop sample was placed in a Styrofoam tray and overwrapped with polyvinyl chloride film. Samples were then displayed in a retail case to simulate retail display conditions (4°C and continuous light exposure at 1,000 lx). After 3 d of retail storage, chops were removed and lipid oxidation was determined using thiobarbituric acid (TBA) methodology according to the procedure of Witte et al. (1970) . The TBA values are reported as milligrams of malonaldehyde per kilogram of fresh sample.
Samples of LM were transported to the Agricultural Utilization Research Institute (Marshall, MN) for sensory evaluation. Sensory assessment was performed according to the procedure described by the American Meat Science Association (1995). Samples of LM were a Means within a row differ from the control (P < 0.05). 1 Transition between diets occurring when the average pen BW of 53 and 85 kg were reached. Phase effect (P < 0.001). 2 D0 = corn-soybean meal control diet; D10 = diet containing 10% DDGS; D20 = diet containing 20% DDGS; D30 = diet containing 30% DDGS.
3 Linear effect of DDGS content (P < 0.05). 4 Linear effect of DDGS content (P < 0.01). 5 Within-pen CV. Phase × sex effect (P < 0.05).
thawed at 4°C overnight and cut into chops approximately 2.54 cm thick. The chops were weighed before and immediately after cooking to determine cooking loss. During cooking, chops were turned every 2 min and cooked to an internal temperature of 71°C. After postcook weighing, chops were cut into uniform (1.0 × 2.0 × 2.54 cm) sections and placed into warmers until they were served to panelists. Eleven trained panelists evaluated chops for flavor, off-flavor, tenderness, juiciness, and overall acceptability using an 8-point scale (1 = extremely bland, none, tough, dry, or dislike to 8 = extremely intense, tender, juicy, or like, respectively).
For the bacon quality measurements, right-side skinless bellies were collected and trimmed to the specifications of the commercial packer. Bellies were laid flat on a table, and the length and thickness of each belly were measured. The degree of belly firmness was measured by draping the center of the belly over, and perpendicular to, a smoke stick, with the fat side facing down. The distance between the 2 ends of the belly while hanging over the smoke stick was measured and used to calculate flop angle:
where L is one-half the belly length and D is the distance between the belly ends while hanging over the smoke stick. Bellies were grouped by treatment, and bacon was processed using the standard method in a commercial food plant. After processing, bacon was packaged, and 10 packages (0.45 kg/each) were randomly selected from each treatment. The selected bacon packages were shipped to the Agricultural Utilization Research Institute for sensory determination. Bacon slices were weighed before cooking and were grilled for 10 min, flipping every 2.5 min on the grill. The slices were then removed, weighed, and cut in half. A total of 12 trained panelists evaluated bacon samples for flavor, crispiness, tenderness, and overall acceptability on an 8-point scale (1 = extremely bland, floppy, tough, or dislike to 8 = extremely intense, crisp, tender, or like, respectively). The panel also evaluated off-favor and fattiness on a 5-point scale (1 = none or lean to 5 = extremely intense or fatty).
Statistical Analysis
Each pen was used as the experimental unit for all data analyses. All analyses were conducted using the MIXED procedure (SAS Inst. Inc., Cary, NC). The ANOVA for overall growth performance responses (ADG, ADFI, and G:F), LM drip loss, and lipid oxidation was conducted using a complete block (groups as blocks) design with repeated measures in time, and homogeneous compound symmetry was used to fit a covariance structure in the model. When fatty acid concentrations of the backfat, belly fat, and LM intramuscular fat were pooled together, the statistical fixed model included block, diet, sex, site, diet × sex at the wholeplot level; diet × site, sex × site, diet × sex × site at the subplot level; and block × diet, block × sex, and block × sex × diet were pooled together to provide the main-plot level random error, which was used for testing diet, sex, and diet × sex attributable to 3 fat depot sites from each pig. Other responses, including carcass, pork quality, and belly quality data, were analyzed with fixed models that included group as the block, diet, sex, and the diet × sex interaction. Orthogonal polynomial contrasts were used to determine linear and quadratic effects of dietary content of DDGS. The significance level was set at P < 0.05, and trends are described at 0.10 > P > 0.05.
RESULTS AND DISCUSSION

Growth Performance
For the overall period, ADG (0.92 ± 0.01 kg) was not different among dietary treatments (Table 2) . A linear reduction (P < 0.01) in ADFI was observed with increasing dietary DDGS. Consequently, G:F increased linearly with increasing DDGS (P < 0.01).
Inconsistent responses have been reported for ADG and ADFI when 20 or 30% DDGS was included in diets fed to grower-finisher pigs. Results from some studies have shown that feeding diets containing 20 or 30% DDGS can result in similar growth performance (Cook et al., 2005; DeDecker et al., 2005; Gaines et al., 2007) , whereas other studies (Whitney et al., 2006; Linneen et al., 2008) have shown a negative effect on ADG and ADFI when pigs were fed diets containing 20 and 30% DDGS compared with feeding corn-soybean meal diets. It has been suggested that this decreased performance may be a result of poorer quality DDGS (less nutrient digestibility than expected or less palatability) used in the experiment diets or that dietary CP content was excessive when an increased quantity of DDGS was included in the diets (Stein and Shurson, 2009 ). An excessive quantity of CP in the diet can increase plasma urea concentration and reduce ADFI and ADG in growing-finishing pigs (Goerl et al., 1995; Chen et al., 1999) . The diets in the current study (Table 1) were formulated on an SID lysine basis, and crystalline lysine was added in greater amounts as the dietary DDGS inclusion rate increased. Therefore, the DDGS diets contained slightly more CP than the control diets. The results of the current study indicate that pigs fed D20 or D30 diets can maintain growth performance similarly to pigs fed corn-and soybean meal-based diets with no DDGS.
Our results for sex effects on growth performance were consistent with previous findings (Chen et al., 1999; Cline and Richert, 2000; Wiseman et al., 2007) , which have shown that barrows have a greater ADFI and ADG and smaller G:F than gilts. No sex × dietary treatment interaction (P > 0.4) was observed.
Carcass Characteristics
Hot carcass weight and ultimate pH were not affected by sex or dietary treatment (Table 3) . Dressing percentage was linearly reduced with increasing dietary DDGS (P < 0.001). This result is consistent with other reports (Cook et al., 2005; Whitney et al., 2006) in which pigs fed diets containing 0 to 30% DDGS had a linearly reduced dressing percentage. The NDF content in DDGS is approximately 3 times that in corn, resulting in increased dietary NDF content when increasing amounts of DDGS are added to the diet. Dietary NDF may have a negative contribution to dressing percentage because of an increase in gut fill (Kennelly and Aherne, 1980; Pond et al., 1988) . Fu et al. (2004) showed that fecal mass increased linearly with an increasing dietary DDGS inclusion rate, which indicated a reduced carcass weight at the same slaughter BW in pigs fed diets containing DDGS. Last-rib backfat depth was linearly reduced (P < 0.05) with increasing dietary DDGS, resulting in a linearly increased percentage of carcass fatfree lean (P < 0.05). The results of the present study disagree with those reported in previous studies (Fu et al., 2004; Cook et al., 2005; Whitney et al., 2006) , which reported no effect on backfat depth and percentage of carcass lean in pigs fed diets containing 0 to 30% DDGS. In the present study, a reduction in ADFI resulted in a reduction in total daily energy intake with increasing dietary DDGS. Thus, pigs had less energy available for fat synthesis, which may have resulted in a linear reduction in backfat thickness and a linear increase in the percentage of carcass lean when pigs were fed diets containing 0 to 30% DDGS. In addition, gilts had reduced (P = 0.01) backfat depth and a greater percentage of lean (P < 0.001) than barrows. There were no sex × diet interactions for any of the measured carcass characteristics.
LM Characteristics
Marbling and firmness scores of LM linearly decreased (P < 0.01) with increasing dietary DDGS (Table 3). In comparison with pigs fed the control diets, feeding the D20 and D30 diets reduced LM marbling (P < 0.05), and LM firmness decreased when pigs were fed the D30 diet (P < 0.05). Feeding the D10 diet did not affect LM firmness and marbling compared with feeding the control diets. Gilt carcasses had less LM firmness (P < 0.05) and smaller marbling scores (P < 0.05) than barrow carcasses. Drip losses of LM from d 1 to 28 were not different among dietary treatments or between sexes.
Marbling score is a subjective assessment of the amount of intramuscular fat interspersed within the lean tissue (National Pork Producers Council, 2000) . In the present study, the LM marbling score was linearly reduced with increasing DDGS, which may have been a result of the reduced ADFI in pigs fed diets containing 0 to 30% DDGS. In addition, decreased LM firmness scores were observed in pigs fed the D30 diet, which may have been due to the reduction in LM marbling scores. However, the LM marbling scores for all dietary treatments were within the acceptable range (2 to 4%) established by the National Pork Producers Council (1998 Pork quality of finishing pigs was not different in pigs fed diets containing 20 and 30% DDGS, because the leanness of pigs among dietary treatments was similar in those studies.
Fatty Acid Composition and IV in Belly Fat, 10th-Rib Backfat, and LM Intramuscular Fat
Changes in the fatty acid composition of backfat, LM intramuscular fat, and belly fat resulting from feeding increasing amounts of dietary DDGS are presented in Tables 4 and 5 , respectively. For backfat (Table 4) , increased dietary DDGS linearly increased (P < 0.01) PUFA content, including C18:2, C18:3, eicosadienoic acid (C20:2), and eicosatrienoic acid (C20:3). Conversely, SFA content, including myristic acid (C14:0; P < 0.01), palmitic acid (C16:0; P < 0.01), and stearic acid (C18:0; P < 0.01), and MUFA content, including palmitoleic acid (C16:1; P < 0.01), C18:1 (P < 0.01), and eicosenoic acid (C20:1; P < 0.01), were linearly reduced with increasing dietary DDGS.
For LM intramuscular fat (Table 4) , SFA content (P < 0.01) and MUFA content (P < 0.05) were linearly reduced, and C18:2 content (P < 0.01), but not PUFA content, increased with increasing dietary DDGS. There was a diet × site interaction for SFA (P < 0.01), MFA (P < 0.05), and PUFA (P < 0.01), particularly for C18:2 (P < 0.001). This interaction showed that the magnitude of change in fatty acid composition resulting from feeding different amounts of dietary DDGS varied among the different anatomical sites. Alteration of the fatty acid composition of LM intramuscular fat was much less prominent than in belly fat and backfat in pigs fed diets containing increasing amounts of DDGS. Similar to responses in backfat, increased amounts of dietary DDGS linearly increased (P < 0.01) PUFA content, including C18:2, C18:3, C20:2, and C20:3, and a Means within a row differ from control (P < 0.05). 1 D0 = corn-soybean meal control diet; D10 = diet containing 10% DDGS; D20 = diet containing 20% DDGS; D30 = diet containing 30% DDGS.
2 Linear effect of DDGS content (P < 0.01). 3 Linear effect of DDGS content (P < 0.05). 4 IV = iodine value.
linearly reduced SFA (P < 0.01) and MUFA (P < 0.01) content in belly fat (Table 5) . The fatty acid composition in animal tissues is mainly affected by de novo synthesis and dietary fat deposition (Wiseman and Agunbiade, 1998; Schinckel et al., 2002) . In pigs, dietary fat is effective in inhibiting de novo fatty acid synthesis, in favor of the direct deposition of dietary fatty acids in adipose tissue (Farnworth and Kramer, 1987; Chilliard, 1993) . Thus, the fatty acid composition of fat tissue triglycerides, particularly essential PUFA such as C18:2 and C18:3, which cannot be synthesized by animal tissues, reflects the contribution of the dietary fat consumed (Brooks, 1971; Wood, 1984; Averette Gatlin et al., 2002) . Corn DDGS contains approximately 10% oil, which is rich in UFA (81% of total) and C18:2 (54% of total). In the present study, the concentration of dietary C18:2 increased by 58% (from approximately 1.7 to 2.7% of the diet) with an increase in dietary DDGS from 0 to 30%, which resulted in a linear increase in C18:2 content of body fat in pigs fed diets containing 0 to 30% DDGS (average range of 8.4 to 15.4% for LM intramuscular fat, belly fat, and backfat). Our results support previous findings that alterations of the fatty acid profile of pork fat reflect the fatty acid composition of the dietary fat consumed. In the present study, although C18:2 and PUFA concentrations in the backfat, belly fat, and LM intramuscular fat were increased with increasing dietary DDGS, the magnitude of change in C18:2 and PUFA concentrations was much less pronounced in LM intramuscular fat than in backfat and belly fat, whereas the change was similar in belly fat and backfat. These results are in agreement with results from previous studies (Brooks, 1971; Leszczynski et al., 1992a; Averette Gatlin et al., 2003) . Brooks (1971) showed that the extent of change in C18:2 concentrations in different fat depots resulting from dietary C18:2 concentration was greater in backfat than in LM intramuscular fat. Averette Gatlin et al. (2003) showed that C18:2 and SFA concentrations of LM intramuscular fat were not influenced by dietary fat composition, in contrast to belly and backfat depots. Leszczynski et al. (1992a) showed that greater changes in fatty acid profiles occurred in bacon than in LM when pigs were fed diets containing 20% full-fat soybeans for 6 wk. The anatomical site differences in response to dietary fat composition are probably due to differences in lipogenic activity at the various sites. The effects of dietary fat on PUFA content in muscle were not as prominent as those for backfat, which may be related to the presence of more structural lipids, such as phospholipids, in muscle than in belly fat and backfat. Structural fat is not as readily affected by diet as is depot fat (Warnants et al., 1999) .
Barrows had more C16:1 (P < 0.05) in backfat samples than did gilts (Table 4) . However, fatty acid composition, including the total PUFA, MUFA, and SFA content from barrows and gilts, was similar in backfat and belly fat, respectively (Tables 4 and 5 ). Effects of sex were more pronounced in LM intramuscular fat than in belly fat and backfat. Barrows had greater C16:1 (P < 0.05) and C20:0 (P < 0.01) concentrations and lesser C18:3 (P = 0.01) and C20:2 (P < 0.05) con- Means within a row differ from the control (P < 0.05).
1 D0 = corn-soybean meal control diet; D10 = diet containing 10% DDGS; D20 = diet containing 20% DDGS; D30 = diet containing 30% DDGS. Pork quality of finishing pigs centrations in LM intramuscular fat than did gilts. Our results from the LM intramuscular fat analysis are in agreement with previous observations (Warnants et al., 1996; Nürnberg et al., 1998; Piedrafita et al., 2001) showing that the relative concentrations of PUFA, such as C18:2, C18:3, and C20:2, in LM intramuscular fat in gilts are greater than those in barrows. No interactions between diet × sex were observed for the fatty acid profiles of backfat, belly fat, and LM intramuscular fat.
Iodine value is a measure of the degree of unsaturation of fatty acids in fat and is defined as the number of grams of iodine absorbed by 100 g of fat. As the concentration of PUFA increased with increasing dietary DDGS, the IV of backfat and belly fat was linearly increased (Tables 4 and 5 ; P < 0.01). The IV of backfat and belly fat increased by approximately 14 and 11 percentage units, respectively, in pigs fed diets containing 0 to 30% DDGS. The IV of LM intramuscular fat increased linearly (Table 4 ; P < 0.01), but the magnitude of change in LM intramuscular fat in pigs fed diets containing 0 to 30% DDGS was small (Table  4 ; approximately 3 percentage units). Thus, a notable diet × site interaction in IV (P < 0.001) was observed. Similarly, Whitney et al. (2006) reported that the IV of belly fat increased linearly with an increase in dietary DDGS from 0 to 30%. However, Widmer et al. (2008) reported that the IV of belly fat was not affected by the amount of dietary DDGS. In the present experiment, supplemental fat was not added to the diets; however, Widmer et al. (2008) added 1% soybean oil for each 10% decrease in DDGS in the diets. Soybean oil contains increased concentrations of PUFA; thus, PUFA concentrations in the diets containing DDGS were similar to those of the diets with no DDGS.
As expected, belly firmness was reduced linearly (P < 0.01; Table 5 ) with increasing DDGS because of the linear increase in the IV of belly fat. Our results are in agreement with results from the previous studies conducted by Whittington et al. (1986) and Nishioka and Irie (2006) , in which the concentration of UFA, especially C18:2, of pork fat had a linear negative correlation with fat tissue firmness, whereas C18:0 has a positive correlation with fat firmness. Whitney et al. (2006) reported that a dietary inclusion rate of up to 20% DDGS did not affect belly firmness, but belly firmness was reduced when pigs were fed diets containing 30% DDGS. The IV of belly fat in pigs fed the control diets in the present study was much less than that reported by Whitney et al. (2006) , because soybean oil was added to the control diets in the study by Whitney et al. (2006) , but not in the present study. However, our results are similar to those reported by Linneen et al. (2008) and Widmer et al. (2008) . Belly thickness was similar among pigs fed diets containing 0 to 30% DDGS. Bellies from barrow carcasses were firmer (P = 0.01) and thicker (P < 0.001) than those from gilt carcasses, but belly firmness was similar between barrows and gilts when adjusted for belly thickness.
Because of concerns about soft pork fat, some pork processors have set standards for an acceptable carcass fat IV. For example, the Danish Meat Research Institute (Barton-Gade, 1987 ) and the National Pork Producers Council (2000) have set a standard for the maximum body fat IV at 70. However, Boyd et al. (1997) suggested that the IV threshold of pork fat be set at 74 for US conditions because pigs fed corn-soybean meal diets with no added fat would exceed a body fat IV of 70. In the present study, the IV of belly fat were approximately 65, 69, and 72 in pigs fed the D10, D20, and D30 diets, respectively. Thus, feeding diets containing up to 30% DDGS to pigs would meet the IV threshold suggested by Boyd et al. (1997) , but would exceed the threshold recommended by Barton-Gade (1987) and the National Pork Producers Council (2000).
Muscle and Fat Color
The color of muscle and fat is one of the most important aspects of pork quality influencing the appearance and attractiveness of meat to consumers. For meat color, most consumers prefer a bright reddish-pink color in fresh pork (National Pork Producers Council, 2000) . In the current study, LM subjective color was not affected by dietary DDGS or sex (Table 6) , and the average LM muscle visual color score was approximately 3.0, which is a bright reddish-pink color. Similarly, Whitney et al. (2006) and Widmer et al. (2008) reported that the visual LM color score was not different among pigs fed diets containing 0 to 30% DDGS. However, when color was measured by a Minolta spectrophotometer, feeding diets containing increasing DDGS resulted in a reduction in the a* and b* measurements of LM (P < 0.05). This is in agreement with the results of Widmer et al. (2008) , who reported a linear decrease in LM b* values for pigs fed diets containing DDGS. Minolta L* (lightness) was not affected by dietary treatment.
Belly fat color values, expressed as Minolta L*, a*, and b*, and Japanese color scores were not affected by dietary treatment (Table 6) . A smaller Minolta L* value for backfat color indicated a darker color for pigs fed the D20 (P < 0.05) and D30 (P < 0.05) diets compared with backfat color for pigs fed the D0 diets. The yellowness-blueness (Minolta b*) of backfat was linearly increased with increasing dietary DDGS (P < 0.05), whereas backfat Minolta color a* and L* values and Japanese color scores were not different among dietary treatments. Sex had no effect on backfat and belly fat color scores. Fat color is associated with fatty acid composition. Maw et al. (2003) indicated that an increase in the percentages of C18:2 and C18:3 would increase the yellow color of pork fat. In the current study, although C18:2 content increased significantly with an increase in dietary DDGS, there were minimal effects on fat color. Fat color, including Japanese color scores and Minolta L*, a*, and b* values, was not different among dietary treatments, except that a slightly darker (smaller Minolta L* value) color in backfat was observed in pigs fed the D20 and D30 diets compared with pigs fed the D0 diets. Our results are not in agreement with previous findings by Maw et al. (2003) . The specific reason for these differences is unknown, but many other factors, such as connective tissue concentration, capillaries containing blood, and carotenoid pigments, can contribute to fat color (O'Connor, 1960; Wood, 1984) .
LM Intramuscular Fat Oxidation
Neither DDGS nor sex affected LM TBA at storage d 1, 14, 21, and 28 (Table 6) . No time effects were observed as LM storage time increased. Overall LM TBA was not affected by DDGS content, sex, or the interactions of diet × sex, time × diet, sex × diet, and diet × sex × time.
Autoxidation of lipids proceeds through a free-radical chain reaction mechanism after slaughter, and the susceptibility of fatty acids to oxidation increases with their degree of unsaturation (C18:0 < C18:1 < C18:2 < C18:3; Shahidi, 1998; Skibsted et al., 1998) . The susceptibility of UFA to oxidation is the main reason for differences in meat shelf life related to rancidity and meat color change. In addition, the development of rancidity increases as retail meat display times increase (Wood et al., 2004) . Studies conducted by Leszczynski et al. (1992b) and Teye et al. (2006) showed that LM TBA values increased because of an increase in C18:2 content of LM intramuscular fat in pigs fed diets containing full-fat soybeans or soybean oil. In the present study, although the C18:2 content of LM intramuscular fat increased with an increase in dietary DDGS from 0 to 30%, LM TBA was similar among pigs fed diets containing 0 to 30% DDGS during the 28-d storage period. Results from this study do not agree with previous findings by Leszczynski et al. (1992b) and Teye et al. (2006) . The reason for this may be that there was a smaller change in C18:2 concentrations in adipose tissue of pigs from the present experiment than in that of pigs used in previous studies (Leszczynski et al., 1992b; Teye et al., 2006) . The C18:2 content of LM intramuscular fat increased from 7.7 to 12.7 and increased from 9.9 to 13.2 in studies reported by Leszczynski et al. (1992b) and Teye et al. (2006) , respectively, whereas the C18:2 content of LM intramuscular fat was increased from 6.8 to 9.5% in pigs fed diets containing 0 to 30% DDGS in Means within a row differ from control (P < 0.05).
1 D0 = corn-soybean meal control diet; D10 = diet containing 10% DDGS; D20 = diet containing 20% DDGS; D30 = diet containing 30% DDGS.
2
Subjective LM intramuscular fat color score using a 6-point scale, with 1 = pale pinkish gray to white and 6 = dark purplish red.
3
Linear effect of DDGS content (P < 0.01). 4 Linear effect of DDGS content (P < 0.05).
5
Japanese fat color scale using a 4-point scale, with 1 = white and 4 = yellow.
Pork quality of finishing pigs the current study. All the TBA values in the current study were less than 0.5 mg of malonaldehyde/kg of meat, which is the detection limit for rancid off-flavors in fresh pork suggested by Lanari et al. (1995) .
LM and Bacon Sensory Tests
Neither DDGS nor sex affected LM cooking loss (Table 7). Sensory tests for LM flavor, off-flavor, tenderness, juiciness, and overall acceptability were similar for LM from pigs fed diets containing different quantities of DDGS, and no sex effect or DDGS × sex interaction was detected. Bacon cooking yield was similar among pigs fed different amounts of DDGS (Table 8) . Flavor, off-favor, crispiness, and overall acceptability were not affected by dietary DDGS. Bacon fattiness was reduced linearly with an increase in dietary DDGS (P < 0.01), and a quadratic effect of dietary DDGS was detected for bacon fattiness (P < 0.01). Bacon tenderness was linearly reduced with increasing DDGS (P < 0.05). Widmer et al. (2008) reported the effects of feeding DDGS on LM and bacon palatability. In Widmer et al. (2008) , there was no effect of DDGS on LM juiciness, flavor, and off-flavor, except that LM tenderness increased with 20% dietary DDGS. Furthermore, neither bacon flavor nor off-flavor was affected by feeding DDGS, whereas tenderness was decreased with an increase in dietary DDGS. Overall, the results from the current experiment and the study by Widmer et al. (2008) support the observation that feeding diets containing up to 20 or 30% DDGS has no detrimental effect on pork taste and eating characteristics.
In summary, feeding grower-finisher pigs diets containing up to 30% DDGS had no adverse effects on growth performance when the diets were formulated on an SID AA basis. Although pigs fed the D20 or D30 di- Flavor measurements using an 8-point scale, with 1 = extremely bland and 8 = extremely intense. Off-flavor measurements using an 8-point scale, with 1 = none and 8 = extremely intense. 4 Tenderness measurements using an 8-point scale, with 1 = extremely tough and 8 = extremely tender.
5
Juiciness measurements using an 8-point scale, with 1 = extremely dry and 5 = extremely juicy. 6 Overall acceptability using an 8-point scale, with 1 = extremely dislike and 8 = extremely like. Flavor measurements using an 8-point scale, with 1 = extremely bland and 8 = extremely intense.
3
Crispiness measurements using an 8-point scale, with 1 = extremely floppy and 8 = extremely crisp. 4 Tenderness measurements using an 8-point scale, with 1 = extremely tough and 8 = extremely tender.
5
Fattiness measurements using a 5-point scale, with 1 = lean and 5 = fatty. 6 Off-flavor measurements using a 5-point scale, with 1 = none and 5 = extremely intense.
7
Overall acceptability using an 8-point scale, with 1 = extremely dislike and 8 = extremely like.
ets had slightly less LM marbling and smaller firmness scores, all LM quality characteristics, including marbling and firmness, were within the acceptable range set by the National Pork Producers Council (1998). Increasing the C18:2 or PUFA content of body fat had no effect on lipid oxidation in pork LM. The IV of backfat and belly fat in pigs fed the D10 or D20 diets was less than 70, which met the National Pork Producers Council (2000) standard, and was approximately 72 in pigs fed the D30 diets, which is below the IV threshold of 74 suggested by Boyd et al. (1997) , but is greater than the current National Pork Producers Council (2000) standard. Belly firmness was reduced linearly with increasing dietary DDGS. The fat oxidation of LM and eating quality were not different with increasing dietary DDGS, and the taste of bacon was not negatively affected when pigs were fed increasing amounts of dietary DDGS from 0 to 30%.
